1. Growth of Staphylococcus aureus (8325; ci-p+), constitutive for the production of penicillinase, in CY medium results in about 40% of the enzyme being free in the medium. By modifying the medium, 98% of the enzyme remains cell-bound. 2. Part of this is bound ionically to the surface of the cell wall and may be liberated instantaneously by certain inorganic anions. Maximum liberation was achieved with either phosphate or arsenate, both of which showed marked pH-dependence. 3. Polyanions that do not penetrate the cell wall, such as heparin, RNA and dextran sulphate, are also effective in liberating penicillinase. 4. Polyanions added to the growth medium prevent the appearance of ionically bound penicillinase owing to their strong affinity for the sites on the cell wall required for binding of the enzyme.
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The process of the formation of extracellular enzymes is not clearly understood. Thus it is not yet known whether extracellular enzymes, and indeed other extracellular proteins, are formed on intracellular structures, such as polyribosomes located on the inside of the plasma membrane, through which they subsequently pass by some unknown mechanism to be liberated to the outside medium, or whether they are formed outside the permeability barrier of the cell membrane. In the latter case the only expected barrier to release from the cell might be the cell wall. Staphylococcal penicillinase is generally regarded as a truly extracellular enzyme according to the definition of Pollock (1962) , although a high proportion of the total enzyme activity is intracellular. The production of penicillinase by Staphylococcu8 aureus is under the control of a plasmid-associated gene (Novick, 1963; Harmon & Baldwin, 1964) , as is the degree of extracellularity of the formed enzyme (Novick & Richmond, 1965) . With strain 8325 (xi-p+) grown in the CY medium of Novick (1963), approx. 40% of the total penicillinase is liberated into the growth medium. However, when this same strain is grown in a modified CY medium it has been found that more than 98% of the penicillinase formed is cell-bound.
As part of a programme of research into the formation and liberation of penicillinase by S. aureu8 (Coles & Gross, 1965a,b) 
RESULTS
During growth of S. aureu8 for the production of exopenicillinase, it was observed that substitution of sodium ,-glycerophosphate in CY medium by 0 05M-tris (hereafter referred to as tris-CY medium) prevented almost completely the appearance of free penicillinase in the culture medium without affecting the total yield of cells. Tris was found not to inhibit the process of liberation, as addition of tris to normal CY medium caused no variation in the amount of penidillinase released, nor was the total yield of penicillinase changed. Sodium ,-glycerophosphate, as such, was not essential for liberation of enzyme and could be replaced by the phosphate moiety of the molecule; glycerol had no effect.
The extent of liberation of penicillinase to the medium is a function of the phosphate concentration in the medium (Table 1) , and the role played by phosphate in this release mechanism was therefore studied. Cells grown in tris-CY medium and washed with distilled water retained all their penicillinase and no loss occurred even during incubation in distilled water for long periods at 37°. However, a portion of this cell-bound penicillinase was immediately liberated to the medium when such cells were incubated with various concentrations of sodium phosphate, as illustrated in Fig. 1 . It must be pointed out that, in all experiments described here, penicillinase liberation was independent of further protein synthesis as shown by the insensitivity of this liberation process to 60,ug. of chloramphenicol/ml., a concentration that completely inhibits penicillinase synthesis in S. aureus (Geronimus & Cohen, 1957) . Fig. 1 shows that the lowest concentration of sodium phosphate causing maximal penicillinase release is approx. 0 15M. At this concentration the amount of penicillinase released at Omin. is independent of temperature between 00 and 370, and release is usually, but not always, also independent of the time of incubation. The extent of penicillinase liberation achieved under these conditions compares very favourably (25-30%) with that obtained fromthe same quantity ofcells grown in CY medium.
The above results strongly suggest that much of the penicillinase ofS. aureus may be bound ionically to some cell structure. concentration. With polybasic acids, the ionic species present in solution depend on the pH. Thus at pH 7 6, the pH at which the above studies were carried out, phosphate ions exist in the H2P04-/HP042-ratio 13:87, whereas at pH6-0 this ratio is 88:12. The liberation of penicillinase by phosphate, arsenate and borate as a function of pH is illustrated in Fig. 2 . The activity curve for phosphate follows very closely that for the dissociation of the second H+, so that it would appear that the active phosphate ionic species is HP042-. Both arsenate ions (H2AsO4-and HAsO42-) show release ability, but free boric acid is without activity. However, there were several features of the process of liberation of penicillinase brought about by borate that distinguished it from that brought about by phosphate, as illustrated in Fig. 3 Because of their small size the inorganic anions are likely to be freely diffusible, at least through the cell wall, and hence no definitive indication of the site of exchange with penicillinase can be obtained. A number of polyanions, of molecular weights ranging from 1-7 x 104 to 2 x 106, have therefore been tested for their effect on cell-bound penicillinase. Table 3 shows that cells incubated in the presence of polyanions released a portion of their penicillinase to the medium. The amount of penicillinase released by the polyanions in each of several experiments was comparable with that released by the smaller anions previously tested, so that the site of penicillinase binding in S. aureus must have been accessible to these substances of high molecular weight.
At first glance the results obtained with the polyanions as represented by dextran sulphate appear to be at variance with those obtained by Rogers & Spensley (1955) , who found that low concentrations of 'polyhydroquinone sulphonate' added to the medium almost completely inhibited the liberation of proteins, including coagulase and hyaluronidase from young cultures ofS. aureus. We therefore undertook experiments along the lines of Rogers & Spensley (1955) with dextran sulphate, and also found that addition of this polyanion to tris-CY medium completely inhibited the appearance of ionically bound (liberated by 0-15M- The preceding data must not be construed to indicate that only penicillinase is liberated by the conditions used. A variety of substances are known to be liberated by incubating S. aureus cells in distilled water (Salton, 1951) . This liberation of material is greatly accentuated under the conditions used for penicillinase release. Prominent among high-molecular-weight substances found in cell-free supernatants were RNA and proteins (see Table 5 ), these latter far in excess of the small amount accounted for by penicillinase (calculated on a specific activity of 40units/,tg. for the purified enzyme; Richmond, 1963) . The RNA released by (Pollock, 1962) , in which case the polya,nions might have a direct effect on formation. The presence of RNA, which is also liberated along with penicillinase, adds support to this possibility.
